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EFFECTS OF .SWEP AND THICKNESS F&AEO ON TtIE ' . -  

AERODYNAMIC CHARACTBRISTICS I N  PITCH . 

I 

AT M = 1.60 

By Ross B. Robinson and  Cornelius  Driver . .  
.. . 

An investigation has been conducted in t h e  Langley 4- . b y .  4-foot 
supersonic  pressure  tvlnel at a Mach nuuiber  of 1.60 and a Reiynolds~ nurn- I 

ber  -of 2.7 x lo6, based on the wlng mean  aerodynamic  chord,  to  determine 
the effects of sweep  and  thickness on the  longitudjnal  characteristics. 
of a series  of  wing-body  .combinations  cambered wings with an aspect 
ratio of 3.5 and  taper  ratio  of 0.2. The wings, tested on a slender body 
of  revolution, had quarter-chord  sweep  angles of 10.8', 3s0, and 47' for 
a thickness  ratio of 4 percent,  and  thickngss  ratios of. 4, 4, and 9 per- 
cent  for a quarter-chord  sweep  angle  of 47 . In addition, a wing of 
47'- sweep was tested  with  thickened.  root sections. For this m, the 
thichess ratios  tapered linearly from I 2  percent at the  root  to 6 per- 
cent  at the LO-percent  semispan  station  and were constant  at 6 percent 
Further  outboard.  The  effects  of  the  addition of a horizontal  canard 
surface  to  the  6-percent-thick, 47O swept wing configuration  were  also 
investigated. 

.- . 
The  results of this investigation  show the effects  of  sweep,  thick- 

ness; :and the horizontal  canard  surface  on  the  lift,  drag, and pitching- 
m o m e n t  coefficients-and " d r a g  ratios. In addition, liftkqve slopes, 
aerodynamic-center  locations, maz&mun liftdrag r a t io s ,  lift  coefficients. 
for  maximum.lift-drag  ratio,  and  drag-rise  factor are presented. 
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2 SECURITY INFORMATION NACA RM LslK16a 

IMTRODUClTON 

A research program has been in progress a t  the Langley Aeronautical 
Laboratory t o  determine a t  subsonic,  transonic, and supersonic  speeds 
the  effects o f  thickness and sweep on the-aerodynamic characterist ics of 
a ser ies  of wing-body-combinations with cambered wings having a taper 
r a t i o  of 0.2 and an  aspect  ratio of 3.5. The effects  of thickness on 
the  longitudinal  characteristics of a 47' sweptback-wing - body  combina- 
t ion a t  subsonic and transonic  speeds  are  presented i n  reference 1. The 
effects  of sweep and thickness on the lateral characterist ics of the wing 
ser ies  a% a Mach  number of 1.60 are  presented i n  reference 2. The results 
of t e s t s a t a  Mach  number of  1.60 of several  nacelle  configurations on 
the  6-percent-thick 47' swept  wing configuration  are  given i n  reference 3.  

The present  paper  gives  the results o f  tests t o  determine the   e f fec ts  

I 

I 

of sweep and  thickness on the  longitudinal  characterist tmof  this series 
of wings at-a Mach  number of 1.60 and a  Reynolds numb& o f  2.7 x 106 
based on the WFng mean aerodynamic chord. The wings  had quartsr-chord 
sweep angles of 10,8', 3s0, and 4 7 O  for  a thickness  ratio of 4 percent 
and thickness  ratios of 4,- 6, and 9 pwcent   for  a  sweep angle of - 4 7 O .  A 
thickened-root wing  of 470 sweep, having a thickness  ratio of 1 2  percent 
a t  the root, tapering  to 6 percent. a t  the 40-percent- semispan stat-ion, 
and remaining constant a t  6 percent. further outboard was 'also  investigated. 
The effectsaf- the  addi t ion of a horizontal canard surface t o  t6e 6-perc.ent--- 
thick 4 7 O  swept wing configuration  were.investigated. These resu l t s   a re  
presented  without  analysis  to  expedite  issuance. 

. .  

SYMBOLS 

. ,cIJ 
CD 

Cm 

cLf 

cDf 

A 

S 

lift coeff ic ient .  o f  wing-body combination (Lift/qS) 

drag  coefficient of wing-body combination (Drag/qS) 

pitching-moment coefficient of  wing-body combination about 
0.25 mean aerodpamic chord (Pitching moment/qSE:) 

lift coefficient o f  body (Lift/@) 

drag  coefficienkof body (Drag/@) 

pitching-moment coefficient of body (Pitching momentfqA2) 

maximum cross-ectional  area of body,  0.0276 square foot 

wing area, 1.a3 squalle-feet - 



wing mean aerodynaniic  chord, f ee t  - 

body length,   feet  

free-stream d p m i c  pressure, pounds per  square foot 

Mach  number 

streanrwise #ing thickness  ratio 

Iff t -drag  ra t io  

lift-curve  slope 

drag r i se   fac tor  

angle of a t tack of body center  l ine,  degrees 

3 

I 

sweep angle of  wing quarter chord line, degrees ' I 

Subscripts:. 

max 3TBxhnm 

APPARATUS. AND MODELS 

Tunnel 

The tests were conducted in the Langley 4- by b-foot-supersonic 
pressure  tunnel. This $unnel, dsscribed in reference 4, was orginally 
powered by a 6000-horsepower drive motor. Recent modificAtions t o  the 
tunnel have increased  the horsepower rat ing t o  45,000. The additional 
power has resulted in   an ' i nc rease  i n  the maximum stagnation  pressure 
from about 0 .3  atmosphere t o  about 2 atmospheres. The design Mach num- 
ber  .range of   1 .2  t o  2 . 2 remains unchanged. I n  addition,  the  original 
mild-steel  flexible nozzle walls (reference 4) have been replaced b-y 
machined-stainless-steel walls. A t  a &ch number  of 1.60 the test sec- 
t ion  has a ath of b.5 feet ,  a height of .4.4 feet ,  and 'a region of . 
uniform flow which is 7 f e e t  long a t   , t h e   f l d b l e  walls . An extern& 
air-drying system supplies air of a suff ic ient ly  l o w  dew point t o  prevent 
moisture  condensation i n  the  tes t   sect ion.  

! 
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SECKEUTY INFORMATION 

Models 

The models used in these tests were composed of an  ogive-cylinder 
body and various midwing configurations with a r a t i o  of body diameter t o  
wing span of about 0.094. The mbdels were designed t o  accommodate solid 
steel.wings with integral  cylindrical  sections  simulating  corresponding 
sections ofT-the body. This design  permitted  interchange  of wings with 
minimvm delay. The wings were positioned so that the quarter-chord  point 
of the mean aerodpamic chord was always a t  the same body station. The 
wing a i r fo i l   sec t ions  had an NACA 6% series  thickness  distribution and 
mean-line ordinates 1/3 of NACA 230 plus  (a = 1) for CL = 0.1. The 
a i r f o i l  coordinates are given i n  table  I. Details of the models are shown 
in figure 1; 

"he models were st-supported  and had a six-component in te rna l  
strain-gage  balance in the body.- The model and s t ing   a re  shown in f ig-  
ure 2.' Figure 3 is a photograph of the model i n  the  tunnel. The models, 
balance, and indicating system were furnished by a U. S. A i r  Force 
contractor. 

Test  Conditions ' 

The conditions  for  the  tests of the wing-body,configurations were: 

Machnuniber . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.60 
Reynolds number, based on wing man aerodynamic chord . . . .  2.7 x LO6 
Stagnation dew point, degrees'Fahrenheit . . . . . . . . . . .  ; ... <25 
Stagnation pressure,  atmospheres . .  ; . . . . . . . . . . . . . . .  1 
Stagnation temperature, degrees  Fahrenheit . . . . . . . . . . . .  U O  

I n  order. to  establish  an  indication of  the  type of boundary layer 
&sting  over the basic body t o  provide a means of  assessing  the wing 
drag increments, the body alone was tested through a pressure range of 
about 4 pounds per-  square  inch t o  15 pounds per  square  inch  corresponding 
t o  a Reynolds number range of 2.5 t o  9 ' x lo6 (based on body length). All 
the other test conditions reinained unchanged. 

A l imited  calibration  prior  to  these tests has shown that the f low 
' i n  the test sectLon is reasonably uniform. The magnitudes of-the varia- 
t ions i n  the f low parameters are summarized i n   t h e  following table: 

Nachnumber.. . . . . . . . . . . . . . . . . . . . . . . . . .  W-01 
Flow angle i n  horizontal.plane,  degrees . . . . . . . . . . . . . .  10-1 
Flow angle i n  vertical  plane,  degrees . . . . . . . . . . . . . .  M.1 
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.Test  Prdcedura .. 

. .  

.. Tests of the wing-body cogfigurations were made through an angle- 
of-sttack  range from -2'. t o  13 and t e s t s  of  the body of revolution 

. - from- -2O. t o  rLo. 

- Corrections  and Accuracy 

The angle of a t tack of the model was corrected  for  deflection-of 
the  balance due t o  lift and pitching moment. Angle corrections were 
obtained from  bench calibration of the balance f o r  ,varioizs lift loads 
and pitching moments.  he Validity of these  corrections was verified 
by comparison with angle  corrections measured optically  during  tests.of 
t h e  9-percent-thick 47O swept wing. The estimated accuracy of the wing 
angle of -a t tack was k0.1' . D u r i n g  these tests the model was yawed about 
4.2' due t o  misalinement. No corrections were applied f o r  thb yaw 
angle o r - f o r  the f l o w  variations in the  test   section. 

!be estimated  -errors in the  force data were as follows: 
- .  

% . . . . . 0 . 0 . . 0. . . . 0 . . . . . . . . . . . .w.oog 

qn'.:.. . 0 .  . 0 . 0 . .  . 0 .  . 0 ' .  ... . 0 .'%l.Ool 

.. . 

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s.001 
5 

The base  pressure was mea'sured and the drag data were corrected t o  corre- 
spond to a base  .pressure  equal-to  free-stream s t a t i c  pressure. 

The results  are  presented  without  analysis jn order t o  expedite 
issuance. I n  order t o  simulate more closely  full-scale  characterist ics 
and eliminate  drag  increments  caused by transition of the bodg.boundary 
layer . f r o m  laminar to   turbulent  flow caused by the  addition of.  the wing, 
the body alone wits tested through a Reynolds nzmiber range of 2.5 x lo6 
t o  9 x 10 6 (based on the body length) . The drag coefficient  obtahed 
during  these t e s t s  i s  presented in f i g q e  4 a s  a function of  Reynolds 
number. On the basis of these  data  (fig. 4), it was concluded that the 
boundary-layer f low over the bkdy alone was primafily turbulent above a 
Reynolds number of 7 x lo6 (stagnation  pressure of 1 2  lb/sq in. ) and . 
a l l   f u r t h e r   t e s t s  of the body and the wing-body combinations were there- 
fore  conducted a t  a stagnation  pressure of about 15 pounds per  square ' 

inch. 
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The, experimental aerodynamic character is t ics  in pi tch  of the body 
alone  and  the  theoretical  values  calculated by the method of refarence 5 
are presented i n  f igure 5. The aerodynamic character is t ics  in pi tch of 
the  4-percent-thick wings in the sweep se r i e s  are shown in figures  6(a) 

c) ,  and of. the 47' swept wings in the thickness series in f igures  6( c) 
f ) .  The e f fec t  of the  addition of..a horizontal  canard  surface  to 

the  6-percent-thick 47' swept xlng configuration are shown i n   f i g u r e  7. 
Schlieren  pictures  of  the wing-body canard configuration  are shown in  
figure 8. The l i f t - d r a g   r a t i o s   a s  a function of l i f t - c o e f f i c i e n t   f o r  
the wing  se r i e s   a r e  surrrmarized in   f i gu re .9 :   t he   e f f ec t s  of the addition 
of the  canards i n  figure 9(a),   the-  effects of thickness i n  figure  9(b), 
and the   e f fec ts  of sweep i n  figure 9(c),  The variatfon of the minimum 
drag coefficient with the  square of the  thickness  ratio is presented in 
figure LO. Included  for.  reference purposes,on t h i s   f i gu re  a re  the  experi- 
mental body drag  coefficfent  and the theoretical  pressure  drag  coefficient 
o f  the  body (reference 6) . The increment between the  body-alone drag 
coefficient and the  extkapolated wing-body drag  coefficient f o r  zero wing  
thickness i s  an  indication of the #ing skin  friction  drag. 

A sumnary of the  var ia t ion of the  longitudinal  characterist ics with 
thickness r a t i o  and sweep angle i s  presented i n   f i g u r e . 1 1  and. table  11, 
In  general ,  f o r  t h i s   s e r f e s  o f  wings, the  effects  of--thickness  are of 
the same magnitude as the   e f fec ts  of sweep on the  longitudinal  charac- 
teristixs o f  the wings. 

Langley Aeronautical  Laboratory 
National  Advisory Committee for  AeroMutics 

Langley Field, Va. 
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Body axis and 
wtng-chord plane 

NACA RM LslK16a 

f 

4 Cylindrical section I 6.61 - 25.12 

' 

(a) Wing-body arrangement. 

Figure 1.- Details of-model configurations. 
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t/c = .04 
, .  

. .04 

I 

1 Area, sq. feet I 1143 I 
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# -  
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I t/c= D4 04 I 
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t/c = -04 . .04 -.04 
-06 . .06 .06 
.09 * .09 .09 
.O 6 06 .I2 

Figure 1. - Continued. 
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5.644 1.697 

(c) Horizontal canard surface. 

Figure 1.- Concluded. 
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Side view of insfatlation 

Figure 2. -, Details of model sting aupport. A l l  dimensions are in -Ischee 
unlese noted. 
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Figure 3.- Model mounted for pitch test-.: 
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Figure 5.- Aerodynamic characteristics in pitch of body of revolution, 
based on body frontal. area and length. Boundary-layer  turbulent. 
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Figure 6. - Aero-c characteristics in pitch of the various wing-body 
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 iff coe-ient, c 

(b) A = 35'; = 0.04. 

Figure 6.- Continued. 

.m 

.l6 

.04 

I 

-.2 -.l 0 .1 .2 .S .4 .5 .6 .7 .0 

c 

I 

c 

c 



ch 
NACA F&M LslK16a SECUKLTY INFORWLTIOM 

12 

0 

-1 - 
-.a "1 0 .1 .2 .3 R .6 .6 .7 .E 

Liflca&icient, CL 

. . - - . . . . , . . , . . . ... , .  .._. 
e .  

.l6 

n 
V 

I 
I 

I 

0 

. 

I 

: 



- 
20 . SECURITY 1NF.OFOIATTON ' NACA RM LSlK16a - 

2 .1 
.I 

0 

16 

0 

(d)- A =.47'; t = 0.06. 

, .-Figure 6.- Continued. 
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Figure 6.- Continued. 
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Liftcoefflcient, CL 

(f) = 47'; = 0.12, 0.06, 0.06. 

Figure 6. - Concluded. 
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(a) a = 12'. 
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L-70848 
F i g u r e  8.- Schlieren pictures of --body canard configuration. A = 47O; 
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(a)  Effects o f ,  canard. . .  

(b) Effects of thickness.' 
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(c)  Effects of  sweep. ' !  

Figure 9. - Variation of  Zift-drag  ratios with lift coefficient f o r  the . I 

- 
various wing-body configurations. . . .  
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Theory (ref 7 ) 
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Figure U.-. Sumnary of the  aerodynamic  characteristics in pi’tch of the 
various wing-body configurations. . 
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